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Abstract 
The aim of this work was to evaluate the performance of a 35 kW LiBr-H2O absorption machine driven by 72 m2 
heat pipe evacuated tube collector with a gas backup system, by analyzing the COP based on 
specifications. The results from this study showed that actual average COP of the system was  0.33 while the 
maximum and minimum values were 0.50 and 0.17 respectively. These results were obtained based on the average 
collector efficiency and the solar fraction of 0.55 and at an ambient temperature of 32 °C. 
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1. Introduction 
Global warming effect has influenced with increasing global temperature and it has made 
uncomfortable for human. From this problem air  conditioner is very important for air conditioning.  
Some country, there are in warm climate using 50  60 % of electrical energy consumption for air 
conditioning. Hence, air  conditioner has been developed on height efficiency and they also find new 
solution that is solar cooling system because of solar cooling systems are environmental friendly and 
unlimited resources. Many countries reported about solar cooling system and many manufactures that can 
produce such component of systems.  At the Present, the air-conditioning systems are built around vapor 
compression systems driven by grid electricity. It is generating negative impact on the environment not 
only from the driven energy but also the refrigerants. In this case, renewable energy sources such as solar 
energy can become an alternative solution for this problem, which is available abundantly in Thailand of 
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about 5 kWh.m-2 per day [1]. Among the various thermal applications of solar energy, cooling is one of 
the most complex processes, both in concept and in construction. The energy is used to produce cold air 
by means of a suitable device, capable of absorbing heat at a low temperature from the conditioned space, 
and rejecting it into the higher temperature of the outside air. The absorption cycle is similar in certain 
respects to the electrically driven vapor compression machines. Of the various solar absorption air 
conditioning systems, NH3-H2O and LiBr-H2O are the major working pairs available. Experimental 
studies on the evaluation of performance of such systems were reported in different locations. 
J. Darkwa, S. Fraser, and D.H.C. Chow [2] studied theoretical and practical analysis of solar hot water 
powered absorption cooling system by evaluation of a typical integrated solar absorption cooling. the 
results were solar collectors efficiency of 61% for the differential temperature of  51 °C as compared with 
T of 60 °C. The coefficient of performance (COP) of absorption 
g of 0.7.  
In this work, the actual performance of a 35 kW LiBr-H2O absorption unit which was installed at the 
School of Renewable Energy (SERT), Naresuan University, Phitsanulok, Thailand and operated since 
August 2005. In particular, this work presents the measurement during January to December 2006, 09:00 
to 17:00 each day. The COP, the solar collector efficiency and the solar fraction versus the solar 
irradiation as well as the energy supply and demand balance were analyzed and presented.    
 
Nomenclature 
1a  loss coefficient (1.52, Wm
-2 K-1) 
2a                    loss coefficient (0.0085, Wm
-2 K-1) 
COP             Coefficient of performance 
C              Specific heat, kJ kg-1 K-1
 
G  Solar radiation incident on the collector , W m-2 
G                     Solar radiation incident on the horizontal , W m-2 
Em                   Water mass flow rate via evaporator, kg s-1 
Gm                  Water mass flow rate via generator, kg s-1 
1m                     Water mass flow rate at collector inlet, kg s-1 
2m                    Water flow rate  at hot water storage inlet, kg s-1 
3m                    Water flow rate at cooling tower outlet, kg s
-1 
4m                    Water flow rate at cold water storage outlet, kg s-1 
AQ                  Heat flow rate at absorber, W 
auxiliaryQ        
Auxiliary heat flow rate, W 
CQ                Heat flow rate at condenser , W 
EQ  Heat flow rate at evaporator , W 
GQ                  Heat flow rate at generator , W 
solarQ            
Heat flow rate at the solar input, W 
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totQ                  Total annual heat flow rate required for heating and cooling, W                                           
useQ   Annual useful solar heat flow rate at, W                                                                             
theSOLF   The solar thermal energy fraction    
aT     Ambient temperature, K                                                                                                   
ET   Water temperature outlet evaporator , K                                                                                               
GT   Water temperature inlet chiller , K 
inT                Temperature at collector inlet , K 
mT              The average temperature in the collector, K  
*
mT              The differential value between average and ambient , K 
outT              Temperature at collector outlet , K 
refT              Reference temperature , K 
*
ST              The average temperature at storage tank , K 
1T               Water temperature inlet collector, K 
2T               High water temperature supplied by collector , K  
3T               High water temperature inlet chiller, K 
4T               Water temperature outlet chiller , K 
5T                Water temperature supplied by cooling tower , K 
6T               Water temperature inlet cooling tower , K 
7T               Warmed water temperature inlet evaporator , K 
8T               Cooled water temperature outlet evaporator , K 
9T    Cooled water temperature outlet cold water storage tank , K  
              Efficiency of solar collector 
O                 Conversion factor (0.717) 
2. Description of solar cooling system   
The solar cooling system which was studied is LiBr - H2O absorption cycle at SERT which located at 
approximately 16 °N latitude and 100 °E longitude. The absorption chiller is consisted of four main parts 
generator, condenser, absorber and evaporator. Start with, solar collector converted solar energy to 
thermal energy (hot water) and accumulated in the storage tank. The auxiliary heat (LPG) supplies to 
boost the temperature of water inlet when solar energy is not enough to heat the water to the required 
temperature of absorption chiller. The hot water is supplied to the generator by electricity pump to boil 
off water vapor from a solution of LiBr-H2O. At the condenser, water vapor is cooled down and then 
passed to the evaporator wherein it again gets evaporated at low pressure, thereby providing cooling to 
the room space or conditioning area to be cooled. This system employs an evaluated heat pipe solar 
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collector of area 72 m2, a hot water and a cold water storage tank of 0.5 m3 and 0.2 m3 in volume 
respectively, a 175 kW-cooling tower and a 35 kW nominal cooling capacity LiBr-H2O absorption chiller 
that manufactured by Yazaki. The water flow rate in the system maintained 4 units of pumps. There are 
generating the water flow rate via the components of the external circuits as follow; the water flow rate 
value via the solar collector and hot storage tank are set at, 0.95 and 2.25 kg.s-1 while the flow rate in the 
cooling tower and the fan coils are 5.25 and 1.92 kg.s-1, respectively. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic diagram of solar cooling system at SERT [3] 
 
3. Thermodynamic analysis of absorption cooling system  
 
 The main parameters that define the performance of solar cooling system can be determined by 
applying the first and the second law of thermodynamics, with refer to Figure 1. The heat balance can be 
established [3] 
EQGQCQAQ            (1) 
The working of cooling tower rejects heat for CA QQ [4] 
)5T6c(T3mCQAQ                      (2) 
)4T3c(TGmGQ                    (3) 
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)8T7c(TEmEQ                    (4) 
In this case 1kg.s  2.89Gm and 
1kg.s  1.84Em   
The annual useful solar is expressed. 
 
auxiliaryQtotQuseQ         (5) 
 
Duffie and Beckman expressed the equation for the useful gain of solar collector. [5] 
 
collectorQ          (6)  
 
Heat supplied by the heat-pipe evacuated tube is presented. [6]  
2*
m.T.G2a
*
mT1a0                   (7) 
G
aTmT*
mT          (8) 
2
1T2T
mT          (9)  
In this case 0 0.717, 1a  1.52 Wm
-2 K-1 and 2a  0.0085 Wm
-2 K-1 [7]  
The sensible heat supplied by the storage tank is expressed. [8]  
)3T
*
Sc(T1
mstorageQ                  (10) 
The auxiliary heater capacity is calculated as follows. [9]  
)*STrefc(T1mauxiliaryQ         (11) 
In this case we assume that refT  = 348 K (75 °C). 
The thermal performance of refrigeration u
The COP of the absorption chiller can be written as below. [10]  
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The fraction of the solar energy met by the total energy input can be expressed as below. [11]  
auxiliaryQsolarQ
solarQ
theSOLF                   (13) 
* auxiliaryQ is measured by weight meter 
)1T2c(T1msolarQ  (14) 
 
4. Experimental results 
 
4.1. The characteristics of solar radiation 
 
The characteristics of solar radiation not only base on the geographical latitude, but also on the time of 
day, month and year at a given location. Three seasons appear in Thailand, rainy, winter and summer. The 
rainy season start on May-September, while the summer season and the winter season are beginning on 
February-May and September-February each year.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The average daily solar radiation that strike on horizontal, tilted plane and ambient temperature 
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In Fig. 2. the average daily solar irradiation that strikes on the horizontal plane, global radiation is 
4.70 kWh.m-2, the tilted plane, collector surface radiation, is 5.05 kWh.m-2 and the average ambient 
temperature is 32 °C. Only the summer season, the global radiation is more than another one. Because of 
the solar collector modules are installed on the roofs of the Testing building which are inclined toward the 
south-east and the slope of 20° of the roofs. A general rule of thumb is that a solar collector should 
roughly face the equator and the optimal tilt angle should be close to 0.7 times the latitude, but always at 
least 10° or the minimum tilt angle specified for the solar collector. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The average daily solar radiation that strike on collector surface versus the season in Thailand 
 
Fig. 3. illustrates the variation of the average daily solar irradiation that strikes on the collector surface 
by the season and time. It could receive a maximum solar irradiation at 13:00 in summer of about 900 
W.m-2, in winter it is about 800 W.m-2 and 700 W.m-2 in the rainy season. The minimum value for the 
year appears at 17:00 and is about 300 W.m-2.  
 
 
4.2. Efficiency of a solar collector 
 
     The heat transfer takes place from the collectors to the water. There is a primary cause of feeding 
energy through the chiller that measurement in term of solar collector efficiency. Fig. 4. demonstrates that 
the increase of efficiency depends on the solar radiation; thus the energy gains of a solar thermal collector 
will be increased more than proportional to the solar radiation. The average daily solar collector 
efficiency during year 2006 is only 0.55 because the collectors were installed as the same orientation of 
the roof of building which is not face to the South.  
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Fig. 4. The average daily solar collector efficiency versus solar irradiation 
 
4.3. The underwent parameters  
 
The solar irradiation that strikes on collector surface is increasing. The parameters which underwent 
significant variation were the driving temperature and useful temperature when the sun was rising. In 
March, the daily average of working fluid for the driving temperature is 75 °C and the useful temperature is 
15 °C on the highest peak of solar radiation in Fig. 5. The scattering of solar radiation is found in Figure 6 
because it is beginning of the rainy season. The daily average of driving temperature and the useful 
temperature of water is 70 and 15 °C, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.  Working fluid temperatures, water, versus solar irradiation on March 
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Fig. 6. Working fluid temperatures, water, versus solar irradiation that measurement on July 
 
 
4.4. Auxiliary heat consumption 
 
     The auxiliary heat source needs to assure that solar-assisted air-conditioning system always have 
enough heat available to meet the load. The total energy supply to the absorption chiller is the summation 
of solar thermal and auxiliary heat can write as solar fraction that described as the ratio of solar heat yield 
to the total requirement for hot water heating. The higher the solar fraction, the lower the amount of 
energy required for auxiliary heating. The average daily solar fraction is showed in Fig. 7.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. The average daily solar fraction versus solar irradiation 
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In Fig. 7. shows the daily average solar fractions for this machine in a temperate climate. It can be 
seen the range of average daily solar fraction ranging 0.4 to 0.7 during the operation period. As the 
feeding water flow rate is fixed, the significant temperature variation was detected at the evaporator that 
form the cooling load which has to be discharged by the fan coil units to maintain the desired room 
temperature, affected by the solar irradiation that strike on the collector surface.  
 
4.5. Cooling capacity and balancing energy 
 
The average daily cooling capacity that generated by working of chiller during year 2006 is 15 kW 
while the average daily solar irradiation is 600 W/m2 as showed in fig. 8. Of course, one of the most 
important measurements is the balancing of the energy supply and energy demand as showed in Figure 9.
The absorption chiller demand contributes of the solar collector array and auxiliary heater supply. As 
expected in Thailand during winter and summer seasons are the best contribution from the collector array. 
In winter season, the daily average of chiller demand, 168.07 kWh, is balanced by the daily average of 
collector and heater supply is 247.67 and 170.56 kWh. The highest of the average collector supply 
appears on summer season is 288.64 kWh and the heater supply is 128.94 kWh to meet the daily average 
of demand is 115.51 kWh. Increasing of average daily cooling demand, 100.20 kWh, during the rainy 
season effect on the daily average of heater supply, 161.92 kWh, with the lowest daily average of 
collector supply is 186.14 kWh. The discrepancy between the large collector array supply differences 
from month to month and the relatively small absorption chiller energy demand results in a large increase 
in auxiliary heater supply during the year. Nevertheless, it should keep in mind that this condition is 
depends on the balancing of cooling demand and supply such as the lowest cooling demand appears on 
the summer season because of a few activity generated owing to long holiday in Thailand.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. The average daily cooling capacity versus solar irradiation 
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Fig. 9.  Energy balance for absorption chiller when operated cooling system 
 
4.6. The actual COP 
The rating supplied by the manufacturer shows a COP at nominal conditions equal to 0.70. In     
Figure 10, the measurements show values of the average daily actual COP is 0.30. It is consistent 
increasable versus the average irradiation during the year. The measurement shows the main factor that 
affects the balancing and COP of chiller is the energy demand during the year. Different activities 
generate various demands or cooling load such as the long holiday effect on the lowest cooling load that 
appears on summer season. Figure 11 shows a comparison between the average daily maximum and 
minimum actual COP variation of seasonal condition. The most differential value is found in the summer 
season, the maximum value is 0.46 while the minimum is 0.11 that is generating a negative effect on the 
actual COP, rather the different value in the winter season, the maximum value is 0.60 and the minimum 
is 0.27 that is generating a positive effect on the actual COP due to a fewer different value. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10.  The average daily coefficient of performance (COP) versus solar irradiation 
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Fig. 11.  The average daily coefficient of performance (COP) versus seasonal condition 
 
 
 5. Conclusions  
 
An experimental study was carried out to evaluate the real performance of a 35 kW LiBr-H2O solar 
absorption cooling system that was installed at the Testing Building, School of Renewable Energy 
Technology (SERT), Naresuan University, Phitsanulok, Thailand. This work was done focusing on the 
actual COP with the measured value being evaluated at 0.30. When the solar irradiation that struck the 
solar collector was increased, the cooling capacity and the COP were noticeably increased and no 
variation of the solar fraction was detected when the water flow rate via the chiller was fixed.  
Meanwhile this system operated with constant water flow rate condition through the major 
components of the chiller and system. It is presently not operating under optimized conditions as it is 
experiencing some ener gy losses. In the future development of this study, the research will focus on the 
optimization of COP by adjusting the water flow rate for energy balancing to attain the highest COP of 
the chiller. Reducing the heat losses also has the added advantage of reducing the consumption of 
auxiliary heat (i.e. LPG) and this can be both economically and environmentally beneficial. 
Acknowledgment 
This research is a part of the Energy Park Project supported by the Energy Conservation Promotion 
Fund of the Energy Policy and Planning Office (EPPO). The authors are grateful staff of the School of 
Renewable Energy Technology (SERT), Naresuan University, for their support during laboratory work. 
 
 
210   Nipon Ketjoy et al. /  Energy Procedia  34 ( 2013 )  198 – 210 
References 
[1]    Nipon K, Wattanapong R  and Pitoon P, 2005. Solar cooling system of Testing Building, Energy Park Project : cooling  
load and design. In Proceeding of 1 st Conference on Energy Network of Thailand, AE24-1-5. 
[2]    Darkwa J, Fraser S and Chow DHC,  Theoretical and practical analysis of an integrated solar hot water-powered  
absorption cooling system. Energy Journal. 2012; 39: 395-402 
[3]   Soraya Y, Nipon k ,Wattanapong R and Somchai M, Techno-economic analysis of a LiBr-H2O Solar Absorption Cooling 
System in Thailand. International J Rene Energy, 2007;2: 2  
[4]   Garp HP. and  Prakash J. Solar Energy, Fundamentals and application, Tata McGraw-hill, NewDELHI. 2004. p.  282  303 
[5]  Duffy JA and Beckman WA  Solar engineering of thermal processes, Wiley & Sons, New York. 1991,p. 686  732 
[6]   The German Solar Energy Society. Planning and installing; Solar   Thermal System, Saxon Graphics  
Ltd, London. . 2005 , p. 1  76 
[7]   Swiss Testing. 2004. In Testing Report No. C632LPEN, pp. 1  10, China.  
[8]   Henning Hans-Martin. Solar-assisted air-condition in buildings, A handbook for planners, Springer-Verlag, Wien. 2004. p. 
15  39 
[9]    Asdrubali F  and Grignaffini S   Experimental evaluation of the performance of a H2O-LiBr absorption refrigerator under 
different service conditions. J Refrigeration 2005;28: 489  497. 
[10]  Goswami, D. Yogi., Kreith Frank and Kreider, Jan. F. Principles of solar engineering, Library of Congress  
Cataloging-in-Publication Data, Philadelphia. 1999. 
[11]   Liess Helmar  Axel et al. 2000. Solar cooling of an exhibition building by means of  a scale absorption chiller. In Project  
Report, Technical-University- Munich, Department of Biological-Process-Engineering, Germany, 2000.  
